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1 Stem density

2 Relative soil detachment

3 Sediment obstruction potential
4 Index of stiffness

5 Root reinforcement effect
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2 Erosion Plots
3 Quadrat
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2 Rainfall Simulator
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4 Resistant Roots

3 Storage Roots

¢ Oblique Roots
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! Unmanned Aerial Vehicle Systems (UAV systems)
2 Object-based analysis
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! WEPP (Water Erosion Prediction Project)
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! Root Properties
2 Surface Residues & Litter
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2 Point Intercept
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! Growth form
2 Physiognomic characteristics
3 Sediment obstruction potential (SOP)
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! Conentrated flow erosion
2 Root density
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Abstract

Erosion is a significant environmental problem in many regions of the country, particularly
in areas with sparse vegetation cover, and limited research has addressed the combined role of
above-ground and below-ground plant organs in its control. In the present manual, various
methods for evaluating plant erosion-control potential are introduced, and a specific method is
applied to 36 plant species in the southern region of Ardabil Province, characterized by a cold
and dry climate. In this approach, plant functional traits related to erosion control were
quantified using a multi-criteria framework. Initially, five key indicators were calculated for 36
native plant species. These indicators included root contribution to slope stability (Cr), based
on root cross-sectional area (A,), root tensile strength (T,), maximum breaking force (F,.y),
and root diameter (D); root effectiveness in reducing erosion under concentrated flow (RSD),
based on root density (RD) and root dry mass (Mp); plant stiffness index (MEI), based on elastic
modulus (E,q), second moment of inertia (I), and stem diameter (d,); stem density and
resistance to hydraulic shear (SD), based on stem number per unit area (n) and stem geometry;
and sediment obstruction capacity (SOP), based on projected above-ground area (A,), stem
length perpendicular to flow (L), and total plant spread (L,,). These indices were used in an
integrated manner to evaluate plant capacity to increase soil resistance and control erosion.
Statistical results showed that mean + standard deviation values were 0.017 £ 0.055 for SD,
0.127 £ 0.202 for SOP, 5.06 + 11.48 for MEI, 0.343 + 1.677 for RSD, and 2.54 + 7.08 for Cer,
indicating considerable variability in the erosion-control performance of the studied species.
Each index was classified into five categories (0—4), and star diagrams were developed based
on assigned scores. High scores (3 = high, 4 = very high) indicate strong capability in
controlling sheet, rill, and gully erosion. Stem density (SD) ranged from 0.26% to 28%. Species
such as Acantholimon talagonicum L. and Festuca ovina L. exhibited the highest stem density.
These small species provide effective ground cover during spring and summer. Sediment
obstruction capacity (SOP) ranged from 0.00128 to 0.988 m/m. Five species—Verbascum
thapsus L., Colutea persica Boiss., Amygdalus scoparia Spach, Festuca ovina L., and Melica
altissima L.—showed the highest ability to reduce runoff and trap sediments. Results of the
plant stiffness index (MEI) indicated that species such as Colutea persica Boiss., Amygdalus
scoparia Spach, Tamarix ramosissima, Salsola kali L., and Rhus coriaria exhibit high
resistance to bending and shear forces (ranging from 5.19 to 34.626 N). Species such as
Amygdalus scoparia Spach, Glycyrrhiza aspera Pall., and Stipa pennata L. showed high
efficiency in reducing erosion under concentrated flow conditions, with RSD values ranging

from 6.68 x 107* to 6.3 x 10~*2. Shrub and woody species including Rhus coriaria, Amygdalus
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scoparia Spach, Colutea persica Boiss., and Tamarix ramosissima play an important role in
slope stabilization and in controlling sheet and gully erosion due to their deep and dense root
systems. In addition, herbaceous species such as Salsola kali L., Festuca ovina L., Verbascum
thapsus L., Melica altissima L., and Acantholimon talagonicum L. contribute significantly to
surface protection by reducing runoff velocity and increasing soil cohesion. Overall, the results
demonstrate that the combined use of compatible native species with complementary above-
and below-ground traits provides an effective and sustainable bioengineering strategy for
restoring degraded lands and reducing soil erosion.

Keywords: Bioengineering, Erosion control, Gully, Indicators, Plant above-ground organs and

Plant roots
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ole ols o olo ols > 29,59,8 Jlol e 0XignS (Tanacetum balsamitha L. subsp. balsamithades Bip.) Legominos 4
olo ;g9 pes olo ols > 259,38 Jlol Azis ,o G odioly o33l .Colutea persica Boiss. Fabaceae Y
ole yui ole cuigmd;l  130,9,8 pgd daud Azis ,o wo=los Amygdalus scoparia Spach. Papilionaceae A
ole ol > ole Cigus ) 29,59,8 Jlol e wo=los Sophora alopecuroides L. Fabaceae A
ole ol 1o ole Cigu) 20,5958 Julgl Slag wo=los Verbascum thapsus L. Scrophulariaceae ~ V*
olo o\bl ole ol 50 ,9,8 Jalol e oaisl yol38l Artemisia marschalliana Sprengel Astraceae AR
ole 15 ole g 295958 ol sils s oail ol Glycyrrhiza aspera Pall. Fabaceae \Y
ole als > ole i) 529)9,8 sl e mp=loe Acroptilon repens (L.) DC. Fabaceae VY
ole ol 1o ole ols )= 59,8 sl sile Gxs oanly il Lactuca serriola L. Asteraceae ‘Y
ole ol 1o olo i) 59,8 sl sile ol il 3l Alhagi pseudalhagi (M.B.) Desv. Fabaceae Vo
ole ,5 olo i) 295958 ol sils and ol i3l Centaurea depressa L. Graminae \7
S| Bl 59,8 Lol 2,8 sl &l iz o wo=los Paliurus spina-christi Miller Rhamnaceae VY
ole yui ole Cuinguyo)) 29,9,8 lgl shle odigdnS Stipa pennata L. subsp. Zalesskii (Wilensky) Freitag Graminae VA
olo ols 5> olo i) 295958 sl sile 0l a5l Hypericum scabrum L. Hypericaceae ‘4
ol ,5 olo i) 295958 sl ale s oaily il Euphorbia ieriana Boiss. (Woron.) Prokh. Euphurbiacea Y.
ole 813 4o ole ols,> 5295958 gl sole oaiul ol 58l Satureja sahendica Bornm. Lamiacea R
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